Transient behavior of a first-come first-served, twodimensional state M/G/1 queuing model with working vacation is studied. As soon as the system becomes empty, the server leaves the system and takes vacation for random duration during which it may perform ancillary duty and is called on working vacation. The server works with different service rate rather than completely stopping service during a vacation. Both service times during busy period and vacation period and vacation times are assumed to follow general distribution. The Laplace transform of the probabilities of exact number of arrivals and departure by a given time are obtained. The emphasis in this paper is theoretical but numerical assessment of operational consequences is also given and presented graphically. Finally some particular cases are derived there from.
INTRODUCTION
Much of the vast literature on queueing models with working vacation is confined to results describing steady-state operation only. But in many potential applications of queueing theory, the practitioner needs to know how the system will operate up to some instant t. Furthermore, if the system is empty initially, the fraction of time the server is busy and the initial rate of output, etc. will be below the steady-state values, and hence, the use of steady-state results to obtain these measures is not appropriate. Thus, the investigation of the transient behaviour of queueing processes is also important from the point of view of the theory and its applications.
In the present paper, we consider an M/G/1 queueing model with Exhaustive service and Multiple vacations such that the server works with different service rates rather than completely stops service during a vacation period. Such a vacation is called 'Working Vacation'. The server begins a working vacation of random length at the instant when the queue becomes empty. If the server returns from a working vacation to find the system not empty, it starts to work immediately and continues until the system becomes empty again (Exhaustive service). If the server returns from a working vacation to find no customers waiting, it begins another working vacation immediately, and continues in this manner until it finds at least one customer waiting upon returning from a working vacation (Multiple working vacations). It was Servi & Finn [10] who first analyzed the queueing system with working vacations and obtained the queue length distribution, mean and variance of the M/M/1/WV queue. Subsequently, Wu & Takagi [11] generalized the result of Servi & Finn [10] to an M/G/1 queue with working vacations. He derived the distributions for the queue size and the system time for an arbitrary customer in the steady state. Many researchers like Kim, Choi & Chae [6] , Baba [1] , Banik et al. [2] , Liu et al. [8] and Li & Tian [7] worked on queueing system with working vacations.
MODEL DESCRIPTION
In this paper, we analyze the transient behavior of two state M/G/1 queue with working vacations. The state of the system is given by (i, j), where 'i' is the number of arrivals and 'j' is the number of departures until time t. This queueing system is referred to as the two state M/G/1/WV queue in this paper. We follow Pegden & Rosenshine [9] , and obtained a more informative measure by finding out Laplace transforms of the probabilities of exact number of arrivals and departures by a given time Number of units arrived by time t Number of units served by time t Waiting time distribution and cumulative distribution for sojourn time Server's utilization time numerically and graphically for the above situations for the case when the service times and vacation times are exponential. Finally some particular cases of interest are derived there from.
The queueing system investigated in this paper assumes that during the working vacation period and otherwise also the customers arrive according to a poisson process with rate λ .
Queue discipline is first-come-first-served. The service time distribution during busy period and working vacation period is general with probability density D1(x) and D2(y) respectively. Working vacation time distribution is general with probability density D3(y). Various stochastic processes involved in the system are statistically independent.
DEFINITIONS AND NOTATIONS
The probability that there are exactly i arrivals and j departures by time t and the server is busy in relation to the queue and the elapsed service time lies between x and ∆ x + ,
The probability that there are exactly i arrivals and j departures by time t and the server is on working vacation and the elapsed service time during vacation lies between y and 
SOLUTION OF THE PROBLEM
The difference-differential equations governing the system are 
VERIFICATION OF MODEL
The Laplace transform that exactly j units depart by time t is j(s) P ,
PARTICULAR CASES
In this section, we shall examine whether by setting appropriate parameters, our results are consistent with known results for some specific cases.
Case I-Results for the case, when the service time during busy period, service time during vacation period and vacation time are exponentially distributed i.e. Case II -When server is on vacation only, then rate of doing work during vacation period is zero. Letting 0 (y) η 2 = in (10) to ( 
NUMERICAL RESULTS
In this section, we present numerical illustrations in order to justify the implementation of analytical results. We have used software MATLAB to develop computational program. Table -I. The Table -I shows complete  agreement with the Table -I of Pegden & Rosenshine [9] except the columns having probabilities of arrivals during busy period and vacation period. Table -I 2. The departure process from the M/M/1 queue has the distribution function t) P(j, , the probability that exactly j customers have been served by time t. In terms of (t) P j i,
, we
respectively for different values of t. Table - Table - 3. The probability of exactly n customers in the system at time t, denoted by t) P(n, can be expressed in terms of Table - VIII is based on the above relationships and the graphical representation for waiting time and cumulative distribution for the sojourn time in the system has also been shown in the fig -4 and 5 respectively. Table- 
Figs. 2(a)-2(c) display the effect of different values of
λ on t) P(j, & t) (j, P t), (j, P V B .(t) P j i, as ∑ ∞ = + = 0 j j n, j (t) P t) P(n, & t) (n, P t) (n, P t) P(n, V B + = Where ∑ ∞ = + = 0 j B j, n, j B (t) P t) (n, P & ∑ ∞ = + = 0 j V j, n, j V (t) P t) (n, P
CONCLUSION
The two-dimensional state M/G/1 queueing system with working vacation has been investigated. The applications of working vacation in manufacturing process, computer and communication networks are well established. Several performance measures are derived numerically by using Matlab programming. The present investigation can be extended by incorporating bulk input/service. However numerical technique based on matrix-geometric approach can be implemented.
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